- Serial No. 10/629,614 » * Atty. Docket No. 277/006 

Amendment dated Septe mber 29. 2006 Reply to Office Action Made Final of March 30. 2006 

AMENDMENTS TO THE CLAIMS: 
Following is a listing of all claims in the present application, which listing supersedes all 

previously presented claims: 

Listing of Claims: 

1 . (Currently Amended) A printed circuit board including a dielectric substrate and 
integrated with a two-axis fluxgate sensor, comprising: 

a first rectangular ring type soft magnetic core arrangedfermed lengthwise alongin a first 
axial direction: dir e ction and forming a rectangular ring; 

a first excitation coil portion windingfe mied of a m e tal film and wniinH around the first 
soft magnetic core; 

a first pick-up coil portion winding fe mied of a metal film and wminH around the first soft 
magnetic core: cor e and the first excitation coil; 

a second rectangular ring type soft magnetic core arrange d form e d lengthwise alongin a 
second axial direction, the second axial direction being perpendicular to the first axial 
direction: direction and forming a roctangiilar ring; 

a second excitation coil portion windingfe mi e d of a m e tal film and wnnnH around the 
second soft magnetic core; and 

a second pick-up coil portion windingfe rniod of a m e tal film and wmmH around the 
second soft magnetic core ;core and tho second e xcitation coil, 

^wherein th e print e d circuit board includoo a single dioloctric cor e and the first excitation 

coil, the first pick up coil, and t he first soft magnetic core iswe disposed on a first side of the 

dielectric substrat et h e printed circuit board and th e nocnnd nvnitntinn nnil thn aarr ^ nt^ pi^V - lip 

coil, and the second soft magnetic core isare disposed on a second side of the dielectric 
substrate. p rint e d circuit board. 
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2.-16. (Canceled). 

17. (Currently Amended) The printed circuit board as claimed in claim 1, wherein 
each of the first and second soft magnetic cores comprises a first parallel pair of bar-type 
portions extending along the first axial direction and a second parallel pair of bar-tvpe portions 
extending along the second axial direction and the first and second soft magnetic cores extend 
along a plane that is substantially parallel to the dielectric substrate, wherein each of the first and 
second soft magnetic cores seryes as a closed magnetic path. four co planar bars forming th e 
rectangular ring. 

18. (Currently Amended) The printed circuit board as claimed in claim 17, wherein 
e ach of the first and s e cond excitation coil portion separately winds around each bar-type portion 
of the first parallel pair of bar-type portions of the first soft magnetic core in a solenoid pattem 
extending along the first axial direction and the second excitation coil portion separately winds 
around each bar-type portion of the second parallel pair of bar-type portions of the second soft 
magnetic core coils has a structur e of winding at l e ast two oppoF , ing r.id e n nf tha rnrtnngiilnr ring 
in an axial dir e ction and substantially in a solenoi d pattem extending along the second axial 
direction, pattem. 

19. (Currently Amended) The printed circuit board as claimed in claim 1 8, 
wherein: wherein e ach of 
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^the first and s e cond p ick-up coil portion winds around both bar-tvoe portions of the first 

parallel pair of bar-type portions of the first soft magnetic core together in a solenoid pattern 

extending along the first axial direction, and 

the second pick-up coil portion winds arovmd both bar-type portions of the second 

parallel pair of bar-type portions of the second magnetic core together in a solenoid pattern 
extending along the second axial direction. coils has a structur e of winding th e at l e nr.t two 
opposing sid e s of th e r e ctangular ring in an axial dir e ction togothor and substantially in a 
sol e noid patt e m. 

20. (Currently Amended) The printed circuit board as claimed i n claim 19, wher e in 
claim 17, wherein: 

along a plane substantially perpendicular to the dielectric substrate and the first axial 

direction, the first excitation coil portion winds aroimd one of the bar-type portions of the first 
parallel pair of bar type portions of the first soft magnetic core and the first pick-up coil portion 
winds around the other of the bar-type portions of the first parallel portions of the first soft 
magnetic core, t he first excitation and 

along a plane substantially perpendicular to the dielectric substrate and the first axial 

direction, the second excitation coil portion winds around one of the bar-type portions of the first 
parallel pair of bar-type portions of the second soft magnetic core and the second pick-up coil 
portion winds around the other of the bar-type portions of the first parallel pair of bar-type 
portions of the second soft magnetic core, p ick up coilsand tho s e cond oxcitation and pick up 
coils hav e a structuro of winding tho at least two opposing sid e s of the r e ctangular ring in an 
alt e rnating fashion. 
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2 1 . (Currently Amended) The printed circuit board as claimed in claim 20 x laim 17. 
wherein: 

each of the first excitation coil portion and the first pick-up coil portion includes a 

plurality of first upper portions on the first side of the dielectric substrate and a plurahtv of 
corresponding first lower portions on the first side of the dielectric substrate, the first upp er 
portions being further from the first side of the dielectric substrate than the corresponding first 
lower portions. 

each of the second excitation coil portion and the second pick-up coil portion includes a 

plurality of second upper portions on the second side of the dielectric substrate and a plurality of 
corresponding second lower portions on the second side of the dielectric substrate, the second 
upper portions being arranged fixrther fi-om the second side of the dielectric substrate than the 
corresponding second lower portions. 

the plurality of first upper portions of the first pick-up coil portion and the plurality of 

first upper portions of the first excitation coil portion corresponding to a patterned first upper 
conductive film. 

the plurality of corresponding first lower portions of the first pick-up coil portion and the 

plurality of first lower portions of the first lower portions of the first excitation coil 
corresponding to a pattemed first lower conductive film. 

the plurality of first upper portions of the first pick-up coil portion being electrically 

connected with the plurality of corresponding first lower portions of the first pick-up coil portion 
by way of vias. and 
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the plurality of first upper portions of the first excitation coil portion being electrically 

connected with the plurality of corresponding first lower portions of the first excitation coil 

portion by way of yias A vh e r e in each coil of tho first and socond excitation coils and e ach cnil of 

th e first and s e cond pick up coils is wound onc e and substantially in a zigzag fashion, such that 

the first and s e cond excitation coils and tho first and second pick up coils face e ach other with 

tho intorv^ e ntion of th e r e ctangular ring ther e betwoon. 

22. (Currently Amended) The printed circuit board as claimed in claim 2K 
wherein: claim 18. wh e rein 

each of the first upper portions of the first excitation coil portion substantially faces the 

first corresponding lower portion of the first excitation coil portion with at least one of the bar- 
type portions of the first pair of parallel bar-type portions of the first soft magnetic core 
extending between and oyerlapping the first upper portion and the corresponding first lower 
portion of the first excitation coil portion, and 

each of the second upper portions of the second excitation coil portion substantially faces 

the second corresponding lower portion of the second excitation coil portion with at least one of 
the bar- type portions of the first pair of parallel bar-type portions of the second soft magnetic 
core extending between and overlapping the second upper portion and the corresponding second 
lower portion of the second excitation coil portion, e ach of th e first and second pick up coils hnr. 
a structur e of winding tho at l e ast two opposing sides of tho rectangular ring substantially in a 
solenoid pattern. 
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23. (Cxirrently Amended) The printed circuit board as claimed in claim 22, wherein: 
each of the first upper portions of the first pick-up coil portion substantially faces the first 

corresponding lower portion of the first pick-up coil portion with at least one of the bar-type 
portions of the first pair of parallel bar-type portions of the first soft magnetic core extending 
between and overlapping the first upper portion and the corresponding first lower portion of the 
first pick-up coil portion, and 

each of the second upper portions of the second pick-up coil portion substantially faces 

the second corresponding lower portion of the second pick-up coil portion with at least one of the 
bar-type portions of the first pair of parallel bar-type portions of the second soft magnetic core 
extending between and overlapping the second upper portion and the corresponding second 
lower portion of the second pick-up coil portion x laim 22, whorein tho first e xcitation and pick 
up coils and th e s e cond e xcitation and pick up coils hav e a structuro of winding the at l e ast two 
opposing sides of tho rectangular ring in an alternating fashion. 

24. (Currently Amended) The printed circuit board as claimed in claim 21, wherein: 

each of the first upper portions of the first excitation coil portion substantially faces the 

first corresponding lower portion of the first pick-up coil portion with at least one of the bar-type 
portions of the first pair of parallel bar-type portions of the first soft magnetic core extending 
between the first upper portion of the fixst excitation coil and the corresponding first lower 
portion of the first pick-up coil portion, and 

each of the second upper portions of the second excitation coil portion substantially faces 

the second corresponding lower portion of the second pick-up coil portion with at least one of the 
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bar-type portions of the first pair of parallel bar-tvpe portions of the second soft magnetic core 

extending between and overlapping the second upper portion of the second excitation coil 

portion and the corresponding second lower portion of the second pick-up coil portion. c laim 23. 

wh e r e in e ach coil of tho first and s e cond excitation coils and each coil of th e first and s e cond 

pick up coils is wound onco and substantially in a zigzag fashion, such that th e first and s e cond 

excitation coils and tho first and s e cond pick up coils fac e e ach other with th e int e rv e ntion of th e 

r e ctangular ring th e r e b e tw ee n. 

25. (Currently Amended) The printed circuit board as claimed in claim 24. wherein: 

each of the first upper portions of the first pick-up coil portion substantially faces the first 

corresponding lower portion of the first excitation coil portion with at least one of the bar-tvpe 
portions of the first pair of parallel bar-tvpe portions of the first soft magnetic core extending 
between and overlapping the first upper portion of the first pick-up coil portion and the 
corresponding first lower portion of the first excitation coil portion, and 

each of the second upper portions of the second pick-up coil portion substantiallv faces 

the second corresponding lower portion of the second excitation coil portion with at least one of 
the bar-tvpe portions of the first pair of parallel bar-tvpe portions of the second soft magnetic 
core extending between and overlapping the second upper portion of the second pick-up coil 
portion and the corresponding second lower portion of the second excitation coil portion.e laim 
17, wh e r e in e ach of the first and second excitation coils are woimd around at least tw^o opposing 
sid e s of th e rectangular ring in an axial direction and substantially in a figure eight pattern. 
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26. (Currently Amended) The printed circuit board as claimed in claim 17. wherein: 

the first excitation coil portion altematelv winds around each bar-tvpe portion of the first 

parallel pa ir of bar-type portions of the first soft magnetic core in a figure-eight pattem extending 
along the first axial direction, and 

the second excitation coil portion altematelv winds around each bar-tvpe portion of the 

second parallel pair of bar-tvpe portions of the second soft magnetic core in a figure eight pattem 
extending along the second axial direction. claim 25. wh e r e in e ach of tho firnt nnd nnrnnH pirV up 
coils has a structure of winding th e at l e ast two opposing sid e s of the roctangular ring in axial 
direction tog e th e r and subDtontially in a solenoid pattern. 

27. (Currently Amended) The printed circuit board as claimed in claim 26, 
wh e rein wherein : 

the first pick-up coil portion winds around both bar-tvpe portions of the first parallel pair 

of bar-tvpe portions of the first soft magnetic core together in a solenoid pattem extending along 
the first axial direction, and 

the second pick-up coil portion winds around both bar-tvpe portions of the second 

parallel p air of bar-tvpe portions of the second magnetic core together in a solenoid pattem 
extending along the second axial direction. t h e first e xcitation and pick up cnilr . nnH thn nnrnnH 
e xcitation and pick up coils havo a stmcturo of winding tho at least two opposing sides of tho 
r e ctangular ring in an alternating fashion. 

28. (Currently Amended) The printed circuit board as claimed in claim 26, wherein: 
claim 27, wherein 
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the first pick-up coil portion winds around both bar-type portions of the first parallel pair 

of bar-type portions of the first soft magnetic core together in a solenoid pattern extending along 

the first axial direction^ 

the second pick-up coil portion winds around both bar-type portions of the second 

parallel pair of bar-type portions of the second soft magnetic core together in a solenoid pattern 
extending along the second axial direction. 

the winding of the first pick-up coil portion is off-set from the winding of the first 

excitation coil portion, and 

the winding of the second pick-up coil portion is off-set from the winding of the second 

excitation coil portion. each coil of the first and second oxcitation coilr . and ennh mil nf th ft first 
and s e cond pick up coils io wound onco and substantially in a zigzag fashion, such that the first 
and second excitation coils and the first and second pick up coils face each oth e r with tho 
int e rv^ontion of the rectangular ring th e r e b e tw ee n. 

29. (Currently Amended) The printed circuit board as claimed i n claim 25, wherein 
claim 26. wherein: 

the first pick-up coil portion separately winds around each bar-tvpe portion of the first 

parallel pair of bar-type portions of the first soft magnetic core in a solenoid pattem extending 
along the first axial direction and the second pick-up coil portion separately winds around each 
bar-type portion of the second parallel pair of bar-type portions of the second soft magnetic core 
in a solenoid pattem extending along the second axial direction. 

the winding of the first pick-up coil portion is off-set from the winding of the first 

excitation coil portion, and 
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the winding of the second pick-up coil portion is off-set from the winding of the second 

excitation coil portion. e aoh of tho firot and socond pick up coils has a structur e of winding th e nt 

least two opposing sides of th e r e ctangular ring in axial dir e ction and substantially in a sol e noid 

patt e rn. 

30. (Cancelled) 



3 1 . (Currently Amended) The printed circuit board as claimed in claim 17. wherein 
the first excitation coil portion is electrically connected to the second excitation coil portion by a 
via and the first pick-up coil portion is electrically connected to the second pick-up coil portion 
by a via, claim 30. wh e r e m e ach coil of the first and second excitatinn coil s nnd e nrh pinil nf th e 
first and s e cond pick up coils is wound onc e and substantially in a zigzag fashion, such that the 
first and s e cond e xcitation coils and th e first and socond pick up coils fac e each oth e r with tho 
intervention of the r e ctangular ring thoreb e twoon. 



32-64. (Cancelled) 
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